Spectroscopic properties of Er 3+ ions in sodium borate glass have been studied. The indirect and direct optical band gaps (E opt ) and energy level parameters (Racah (E 1 , E 2 and E 3 ), spin-orbit (ξ ξ 4f ) and configurational interaction (α α)) are evaluated. Spectral intensities for various absorption bands of Er 3+ doped sodium borate glass are calculated. Using Judd-Ofelt intensity parameters (Ω Ω 2 , Ω Ω 4 , Ω Ω 6 ), radiative transition probabilities (A), branching ratios (β β) and integrated absorption cross sections (Σ Σ) are reported for certain transitions. The radiative lifetimes (τ τ R ) for different excited states are estimated. From the fluorescence spectra, the emission cross section (σ σ p ) for the transition, 4 I 13/2 → → 4 I 15/2 is reported.
Introduction
In recent years, much attention has been devoted to the development of infrared and upconversion lasers and optical amplifiers. Many trivalent rare earth ions such as Er 3+ , Tm 3+ and Pr 3+ were doped as luminescent ions earlier in certain hosts (Bjarklev 1993; Snoeks et al 1996; Higuchi et al 1998; Tsuda et al 1999) . Among these RE ions, Er 3+ is recognized as an important ion and Er 3+ waveguide laser and upconversion laser operations have been achieved previously at room temperature (Whitley et al 1991; Roman et al 1995) , because of the key role in the optical signal amplification for 1⋅5 µm telecommunication and the capability for emission of radiation at 1⋅5 µm "eye-safe" wavelength (Gopontsev et al 1982; Sudo 1999) . Optical transitions of Er 3+ ions in ZnCl 2based glass have been reported by Shojiya et al (1997) . Optical transitions and frequency upconversion emission of Er 3+ doped Ga 2 S 3 -GeS 2 -La 2 S 3 glasses have been reported by Higuchi et al (1998) . Ratnakaram et al (Ratnakaram and Sudharani 1997; Ratnakaram et al 2002) reported the optical studies of Er 3+ doped different chlorophosphate and chloroborate glasses. In the present work, the authors have studied the optical absorption and fluorescence spectra of Er 3+ doped sodium borate glass. Various spectroscopic parameters (Racah (E 1 , E 2 and E 3 ), spinorbit (ξ 4f ) and configurational interaction (α)) of Er 3+ doped sodium borate glasses are reported. Using Judd-Ofelt intensity parameters (Ω 2 , Ω 4 and Ω 6 ), radiative properties like electric dipole line strengths (S ed ), radiative transition probabilities (A), radiative lifetimes (τ R ), branching ratios (β) and integrated absorption cross sections (Σ) are reported. From the fluorescence spectrum, emission cross section (σ p ) is obtained. The Er 3+ doped sodium borate glasses were prepared using standard melt quenching technique. The chemicals used in the preparation of the glasses are H 3 BO 3 , Na 2 CO 3 and Er 2 CO 3 (all these chemicals are of 99⋅9% purity). In the glass, we have 70B 2 O 3 + 29⋅8Na 2 O + 0⋅2Er 2 CO 3 . The raw materials were thoroughly mixed in an agate mortar in 5-10 g batches. The mixer was then melted in a specially made clay crucible in temperature ranging from 800-1000°C. The melt was kept at the melting temperature for 30 min. Then the melt was quickly quenched between two smoothly polished brass plates. Glass samples of 1 mm thickness and 1 cm in diameter were obtained. Optical absorption spectrum was recorded using Hitachi U-3400 spectrophotometer and the emission spectrum was obtained from Midac-FT Photoluminescence Spectrophotometer with an excitation wavelength of 512 nm. The refractive index was measured on an Abbe refractometer with a sodium vapour lamp using monobromonaptalene as adhesive coating.
Results
The optical band gap in oxide glasses can be determined from the position of the absorption edge. There are two types of optical transitions that can occur at the fundamental absorption edge of crystalline and non-crystalline materials. Using Davis and Mott (1970) theory and from the variation of (αhω) 1/2 with hω and (αhω) 2 with hω, optical band gap values (E opt ) for both indirect and direct transitions of Er 3+ doped sodium borate glasses are ob-*Author for correspondence (Ratnakaram_YC@yahoo.co.in) tained. These values are 3⋅14 and 3⋅21 eV for indirect and direct transitions, respectively. The variation of (αhω) 1/2 with hω and (αhω) 2 with hω are shown in figures 1a and b, respectively.
The absorption spectrum of Er 3+ doped sodium borate glass is shown in figure 2 . The calculated and observed band positions and their assignments are shown in table 1. The rms deviation between experimental and calculated energies is very small which indicates validity of full matrix diagonalization. Racah (E 1 , E 2 and E 3 ), spin-orbit (ξ 4f ) and configurational interaction (α) parameters are evaluated by a least squares fit method using the pro- 
